Membranoproliferative glomerulonephritis is a histologic pattern associated with an eclectic assortment of diseases ranging from sickle cell anemia through hepatitis C infection to transplant glomerulopathy (reviewed by Appel et al, 1 Rennke, 2 and Zhou and Silva 3 ). The hypothesis of this work is that membranoproliferative glomerulonephritis type II is a separate disease entity and should be separated from the membranoproliferative glomerulonephritis category and called dense deposit disease in reference to its unique and diagnostically unifying morphologic finding.
Membranoproliferative glomerulonephritis type II is rare and only a relatively small number of studies of this disease have been published. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] In these reports, the histologic description of membranoproliferative glomerulonephritis II is usually a membranoproliferative pattern, although other light microscopy changes including a crescentic form and a mesangial proliferative form are included in some of the reports. [6] [7] [8] 12, 13, [15] [16] [17] [20] [21] [22] [23] However, the frequency, variability and definition of the light microscopy patterns present in patients with dense deposit disease are not apparent from previous reports. Thus, the purpose of this study was to examine a large number of renal biopsies from patients with dense deposit disease in order to characterize the light microscopic patterns seen in association with the diagnostic feature of dense deposit disease, electron dense transformation of the glomerular basement membranes.
Materials and methods
Cases were received from North America, Japan and the European Union. The slides and reports were coded and patient data removed at the local center before being sent to the authors for review. Clinical information was gathered from the surgical pathology report form and entered onto coded standardized score sheets. Representative slides, immunohistochemistry or immunofluorescence photomicrographs and electron microscopy photographs were examined and scored using a standardized score sheet. All materials were reviewed without knowledge of the clinical history. This study complied with all human subject protection requirements at each submitting institution and was approved by the local institutional review board.
Pathology Review
The light microscopy material was reviewed and scored by compartment. Glomeruli were counted and the number with global and/or segmental sclerosis was determined. The number and type of crescents (cellular, fibrocellular or fibrous) were determined. The presence or absence of hypercellularity was ascertained and then specified as to the presence of infiltrating cells and/or endocapillary proliferation. Mesangial matrix expansion was also recorded. The basement membranes of glomeruli, tubules and Bowman's capsules were graded for the presence of PAS-positive ribbons. Tubular atrophy, interstitial fibrosis and interstitial inflammation were graded. Blood vessel changes, if any, were recorded. For semiquantitative analysis, a scoring system of 0-3 was used.
Immunohistochemistry information was obtained from the report including immunoreactant, intensity and location. Thioflavin T staining, when available, was also recorded.
Electron microscopy photographs were examined and scored for endocapillary proliferation, discrete electron dense deposits and dense transformation of the glomerular basement membrane. Electron dense transformation was characterized by density and location. The basement membranes of Bowman's capsule and tubules were also examined and scored for dense transformation when available.
Clinical Review
Clinical data available at the time of biopsy was abstracted from the original renal biopsy reports, but was usually very limited in scope. The patient's age and gender were noted. Other clinical information was not present in most cases eliminating analysis of presenting symptoms, initial laboratory data, treatment or follow-up.
Statistics
Nonparametric semiquantitative data were analyzed using the Kruskal-Wallis nonparametric analysis of variance followed by post hoc testing with Dunn's multiple comparisons test. The 
Results
Eighty-one cases were received. Twelve were eliminated from further examination because they were either repeat biopsies, transplant biopsies or because electron photomicrographs were not available.
Pathology
Five histologic patterns were identified by their light microscopic appearance: membranoproliferative, mesangial proliferative, crescentic, acute proliferative and exudative and unclassified (Table 1, Figures 1-7 ). Only two cases were categorized as unclassified, so this group, although described below, was not included in comparative analysis. The unifying diagnostic feature of all five patterns is the presence of electron dense transformation of the glomerular basement membranes (Figure 4 ). Still, there was variation in the frequency and distribution of the basement membrane changes (Table 2) . Some glomeruli were diffusely affected, while others had an interrupted linear pattern, or a 'linked sausage' appearance. Occasional dense deposits were found in the subendothelial space separate from the lamina densa. These discrete deposits were as electron dense as the linear electron dense transformation seen in other areas. Subepithelial 'hump-like' dense transformations of the glomerular basement membrane were sometimes seen ( Figure  7 ). Electron dense transformation of the tubular basement membranes was found in 24% and the basement membranes of Bowman's capsule in 30% of cases where examined ( Table 2) . By light microscopy, the number of glomeruli, percentage global sclerosis, percentage segmental sclerosis, and interstitial and vascular changes were similar among the four major histologic patterns. Immunohistochemical examination revealed that mesangial C3 was present in every case (Table 3) and mesangial 'rings' were seen in all cases when immunofluorescence photomicrographs were available for review ( Figure 3 ).
Histologic Patterns
Membranoproliferative dense deposit disease is characterized by endocapillary proliferation producing a mesangial lobular appearance (Figure 1 ), sometimes in association with a markedly eosinophilic and PAS-positive alteration (so-called ribbons) along glomerular, tubular and other basement membranes (Figure 2a ). Capillary closure was not a criterion for endocapillary proliferation. These membranoproliferative features were most often focal and segmental and only rarely were diffuse. Four of the 17 patients had mild or moderate mesangial sclerosis, while the remaining 13 had minimal or none. Endocapillary proliferation was significantly greater in membranoproliferative dense deposit disease than in mesangial proliferative dense deposit disease or crescentic dense deposit disease (Table 4) . Glomerular basement membrane double contours were present on PAS and silver stain in many capillary loops. The degree of glomerular basement membrane thickening and/or duplication was most pronounced in this pattern ( Table 4 ). The capillary loop ribbons were thioflavin-T positive, and accentuated by toluidine blue staining of plastic-embedded tissue for electron microscopy ( Figure 2 ). Tubular basement mem- frequently formed a distinctive ring-like pattern in the mesangial regions that suggested the diagnosis of dense deposit disease ( Figure 3 ). Immunoglobulins were usually absent and staining for more than one immunoglobulin was not seen in membranoproliferative dense deposit disease (Table 3) . Electron microscopy showed the characteristic diffuse to segmental, linear very dense transformation of the lamina densa ( Figure 4 ). Spherical electron dense transformation was common in the mesangium.
Mesangial proliferative dense deposit disease is characterized by focal segmental mesangial hypercellularity. Mesangial hypercellularity was defined as more than three cells in any mesangial region in one or more glomeruli. Some glomeruli appeared normal by light microscopy ( Figure 1 ). Endocapillary proliferation was generally absent and, when present, was focal and mild. Immunoglobulins were more often present in mesangial proliferative dense deposit disease both singly and in combination ( Table 3 ). The one case that stained for all three immunoglobulins tested, IgG, IgM and IgA, was a mesangial proliferative dense deposit disease case. C3 positivity was universal, while C1q was present in a third of the cases examined. The characteristic very dense transformation of the glomerular basement membranes was present but was more intermittent when compared to membranoproliferative dense deposit disease (Table 2) . On the other hand, subendothelial dense transformation and subepithelial 'humps' were more common.
Crescentic dense deposit disease is defined by the presence of crescents in 50% or more of the glomeruli available for examination (Figure 1 ). The average number of glomeruli in this group was 30 with a range of 6-83. The two cases out of 12 cases with less than 10 glomeruli for examination had crescents in five of six and seven of eight glomeruli, respectively. Cellular crescents and total crescents were much more frequent in crescentic dense deposit disease than in the other patterns (Table 4) . The underlying histologic pattern was either membranoproliferative dense deposit disease or mesangial proliferative dense deposit disease with endocapillary proliferation varying from essentially normal (five of 12 cases) to focal and segmental endocapillary proliferation (four of 12 cases) to diffuse endocapillary proliferation (three of 12 cases). The immunofluorescence findings were similar to membranoproliferative dense deposit disease. Staining for immunoglobulins was rare and the presence of more than one immunoglobulin was not seen in crescentic dense deposit disease (Table 3) . By electron microscopy, the typical dense transformation of the basement membranes was present. In addition, electron dense material was also present as large subepithelial hump-like transformations in the outer portions of the glomerular basement membranes, at the junction of the glomerular basement membrane and the mesangial area ('waist' deposits) and extending from the mesangium itself (Figure 5a and b) .
Acute proliferative and exudative dense deposit disease shows diffuse glomerular hypercellularity due to endocapillary proliferation with prominent neutrophilic infiltration (Figure 1) . The proliferative changes led to occlusion of most capillary lumens. Endocapillary proliferation was significantly greater in acute proliferative and exudative dense deposit disease compared to either mesangial proliferative dense deposit disease or crescentic dense deposit disease (Table 4 ). Glomerular inflammatory cell infiltration was also significantly more common in acute proliferative and exudative dense deposit disease compared to the other patterns (Table 4) . By light microscopy, this variant can be difficult to distinguish from post-infectious glomerulonephritis. However, by immunofluorescence, the presence of ring-like deposits of C3 suggests dense deposit disease. In addition, immunoglobulin deposits were frequently absent and, when present, were often focal and sparse. Staining for more than one immunoglobulin was not seen in acute proliferative and exudative dense deposit disease (Table 3) . Five of six biopsies classified as acute proliferative and exudative dense deposit disease were positive for C1q, significantly more common than in either membranoproliferative dense deposit disease or Dense deposit disease PD Walker et al crescentic dense deposit disease (Table 3) . Electron microscopy showed the typical very dense linear transformation of glomerular basement membranes and similar electron dense material in the mesangium. About half of the cases also had subepithelial 'hump-like' dense transformations of the glomerular basement membrane similar to changes seen in crescentic dense deposit disease (Table 2) .
Unclassified dense deposit disease is defined by the presence of intermediately electron dense transformation of the glomerular basement membranes and mesangial regions (Figure 5c and d). Often this transformation had a granular appearance. There was variable focal, segmental endocapillary proliferation with PAS and thioflavin Tpositive ribbons present in loops and mesangial areas ( Figure 6 ) similar to the other patterns of dense deposit disease and corresponding to the intermediately electron dense transformation seen by electron microscopy. Immunoglobulins were negative by immunohistochemistry but C3 staining was present along basement membranes and within the mesangium forming typical 'mesangial rings' (Figure 6) . Although the electron dense transformation of the basement membranes was not as deep as that seen in the other forms of dense deposit disease, the pattern and distribution of the transformation along the basement membranes was similar. Only two cases were categorized as unclassified dense deposit disease, so this group was not included in comparative analysis.
Clinical Data
Gender was specified in 57 cases. There were 31 male and 26 female subjects with no differences between the various dense deposit disease patterns (Table 5 ). Age at presentation was given in all cases. The overall median age was 14 years with a range of 3-67 years ( Figure 8 ). All patients with either pattern 3 (crescentic) or pattern 4 (acute proliferative and exudative) were 18 years or younger. Figure 7 Presence of 'humps' (deeply electron dense, hillockshaped transformations along the subepithelial side of the glomerular basement membrane) by dense deposit disease histologic pattern: 1, membranoproliferative dense deposit disease; 2, mesangial proliferative dense deposit disease; 3, crescentic dense deposit disease; 4, acute proliferative and exudative dense deposit disease; 5, unclassified dense deposit disease had only two cases and was not used for further analysis. Data expressed as mean semiquantitative score Â 100. 
Discussion
In 1975, Habib et al 6 noted the similarity by light microscopy of dense deposit disease and membranoproliferative glomerulonephritis, and classified dense deposit disease as a variant of membranoproliferative glomerulonephritis, calling dense deposit disease membranoproliferative glomerulonephritis, type II. Interestingly, the classic light microscopic features of membranoproliferative glomerulonephritis I were present in just 11 of 44 patients (25%). The majority of patients had mild (11/44, 25%) or moderate (22/44, 50%) mesangial hypercellularity.
The single defining or unifying feature of dense deposit disease in the current study is the presence of electron dense transformation of the glomerular basement membranes by electron microscopy. Alterations similar to those seen within the glomerular basement membrane were often present along tubular basement membranes and the basement membrane of Bowman's capsule, when examined. 9, 24 The major finding from this international series of dense deposit disease cases is that the light microscopy pattern is variable and that the presence of a membranoproliferative pattern is seen in only one of four patients with dense deposit disease (similar to Habib et al above 6 ). Mesangial proliferative dense deposit disease is much more common than the membranoproliferative pattern, accounting for 45% of our cases. Twenty-nine of 30 mesangial proliferative cases showed only minimal to mild proliferation, changes easily confused on light microscopy with minimal changes by light microscopy or diffuse mesangial hypercellularity. However, the unique immunofluorescence pattern with mesangial 'rings' on C3 staining and the diagnostic electron dense transformation of the glomerular basement membrane by electron microscopy leads to the correct diagnosis. The mesangial proliferative pattern was described by Sibley and Kim 22 in 1984 and, in a follow-up paper, Kashtan et al demonstrated that the patients with the mesangial proliferative pattern had significantly better long-term outcome. 16 Crescentic dense deposit disease, pattern 3, occurred only in patients less than 17 years and may be a unique form of dense deposit disease. In 1982, a case of crescentic dense deposit disease treated with high-dose steroids, azothioprine, dipyridamole and heparin with complete resolution of disease was presented by Kher et al. 23 West et al 20 described a group of children with crescentic glomerulonephritis, many of which had electron dense transformation of glomerular basement membranes, but all responded to high-dose steroid treatment. The West group did not characterize their cases as dense deposit disease, but concluded that these cases represented a new entity, juvenile acute nonproliferative glomerulitis or JANG. In a more recent study, Hoschek et al 21 described two patients with crescentic dense deposit disease that were treated with high-dose steroids and went into complete remission. These studies stand in contrast to the previous literature concerning crescentic glomerulonephritis in childhood including extensive crescent formation in dense deposit disease, where end-stage renal disease is the usual outcome. 12, 15, [25] [26] [27] [28] Overall, this pattern requires further clinical study to determine if the expected universally dismal outcome is reversible with high-dose steroid treatment in some subset of patients. 20, 21 Previous studies have described the presence of increased neutrophils in otherwise typical membranoproliferative or mesangial proliferative lesions. 6, 15, 29 In addition, the diffuse endocapillary proliferation with neutrophilic infiltration seen in our study has been previously reported. 17 This pattern is easily mistaken for a postinfectious glomerulonephritis on light microscopy examination alone. Complicating a correct diagnosis even further is the finding of either IgG or IgM by immunofluorescence in six of eight cases and C3 in all cases. Electron microscopy is required for a correct diagnosis of dense deposit disease in these patients.
The unclassified pattern of dense deposit disease was seen in two cases and because of the limited number, no further statistical analysis was carried out. Unclassified dense deposit disease was similar to the mesangial proliferative pattern by light microscopy and immunofluorescence, differing only in the intensity of the glomerular basement membrane transformation by electron microscopy. Given the similarity to dense deposit disease in almost all respects, it is likely that this unclassified form is a rare pattern of dense deposit disease in need of further study.
Many of the early reports on dense deposit disease presented compelling evidence that membranoproliferative glomerulonephritis I and dense deposit disease are different disease entities all together. 5, 9, 10, 22, 30 More recently, Appel et al 1 published a detailed review of dense deposit disease documenting the unique characteristics of dense deposit disease that separate it from membranoproliferative glomerulonephritis I and other forms of glomerular disease. Briefly, dense deposit disease is almost exclusively a disease of children and teens presenting primarily with the acute nephritic syndrome, whereas membranoproliferative glomerulonephritis I, although it occurs as an idiopathic disease in childhood, occurs much more commonly in adults presenting primarily with the nephrotic syndrome (Table 6 ). Patients with membranoproliferative glomerulonephritis I may have systemic manifestations associated with an underlying associated condition, while those with dense deposit disease primarily display only the symptoms of renal disease. Blood levels of complement reflect the different complement components involved in the two entities (reviewed by Nakopoulou 31 ). In addition, C3 nephritic factor is much more commonly found in patients with dense deposit disease. Membranoproliferative glomerulonephritis I is considered to be an immune complex mediated glomerular disease, while dense deposit disease is related to abnormalities in complement cascade control (reviewed by Appel et al 1 and Nakopoulou 31 ). Membranoproliferative glomerulonephritis I is commonly associated with hepatitis C and other infections with or without cryoglobulinemia.
Based on all of the above, it is important to consider the classification of dense deposit disease in the overall scheme of glomerular diseases. Correct morphological classification remains critical in the study of disease and if a classification system is to remain useful, it must be modified as more information is obtained about the specific diseases included under its umbrella. 32 As discussed by Foucar, 32 measures of both 'accuracy' and 'precision' are important, but very different methods of determining the utility of any classification system. Precision, the measure of the degree of intra-and interobserver variability in assigning a specific biopsy to a given diagnostic category is at least moderate when using the general term membranoproliferative glomerulonephritis. However, the accuracy, a measure of the closeness of the diagnosis to the actual clinical situation, is quite low given the variability of clinical conditions associated with a membranoproliferative pattern. Thus, as it becomes possible, disease subsets that can be recognized as distinct entities must be removed from the generic category of membranoproliferative glomerulonephritis. Given the extensive information compiled over the last 30 years including the histopathologic data provided by this study, it can be said with a high degree of certainty that dense deposit disease is not a subtype of membranoproliferative glomerulonephritis. 
